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and Morphological Data Reveal a Cohesive,

Widespread South American Species
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insights into the species biology and taxonomy of this long-misunderstood

taxon.

Methods

Taxon sampling— Out sample consists of 17 Polystichum accessions from
across the northern and central Andean region, Argentina, Uruguay, and
Brazil. Wesampled all taxa shown to have close evolutionary relationships to

P. montevidense in the phylogeny of McHenry (2012). Also included are three

accessions from the senior author’s dense sampling of the Serra do Mar region,

and one accession of P. montevidense from the tropical Andes, one from
Argentina, and one from Uruguay, to adequately represent the morphological
diversity of the group across its range. Weexcluded accessions that showed
signs of hybridity (intermediate morphology and misshapen spores). Voucher
data for all of our collections are listed in the Appendix.

DNA extraction, amplification and sequencing— Total genomic DNAwas
extracted from fresh (O.lg) or silica-dried (0.02g) material. Leaf material

collected in the field was preserved fresh at 4°C or in silica desiccant gel and
stored at -80°C until extraction. Total genomic DNA was extracted from
pinnules following a modified CTAB protocol (Doyle and Doyle, 1987). Four
plastid DNAregions were amplified using by PGR: two genes [rps4 and rbcL]

and two intergenic spacers (the region between trnL and trnF [trnLF] and the
region between trnS and rps4 {trnS-rps4]). Primers for amplification and
sequencing were taken from the literature: rbcL (Little and Barrington, 2003),
rps4 (Shaw et ah, 2005), trnLF (Taberlet et al, 1991), and trnS-rps4 (Souza-
Chies et al., 1997). PGRamplification was performed in a TG-312 or TG-3000
thermal cycler (Techne, Burlington, New Jersey, USA) following protocols in
McKeown et al. (2012). PGRproducts were cleaned using ExoSAP-IT (USB
Gorporation, Gleveland, OH, USA). Sequencing of the cleaned PGRproducts
employed a cycle-sequence reaction using the BigDye Terminator Gycle
Sequence Ready Reaction Kit v. 3.1 (Perkin-Elmer/ Applied Biosystems, Foster
Gity, GA, USA). Sequences were resolved on an ABI Prism 3100-Avant Genetic
Analyzer (Vermont Gancer Genter DNA Analysis Facility, Burlington, VT,
USA). Gonsensus sequences from the raw chromatographs (using both the
forward and reverse reads) were assembled for each gene using Sequencher 4.5

(Genes Gode Gorporation, Ann Arbor, MI, USA) or Geneious Pro v.5.0.3

(Drummond et al., 2007).

Sequence alignment and phylogenetic analysis. —Gonsensus sequences were
aligned with MUSGLE(Edgar, 2004) as implemented in Geneious Pro v.5.0.3

(Drummond et al., 2007). All phylogenetically informative indels were coded
following the simple gap coding of Simmons and Ochoterena (2000) and added
as additional binary characters at the end of the NEXUSfile. The concatenated

sequences were analyzed by Bayesian inference (BI) using MrBayes v. 3.2

(Ronquist et al., 2012). The data were partitioned by plastid region, and
optimal models (Table 1) were applied to each of the molecular partitions. The
model selection was done using jModelTest v. 2.1 under the Akaike
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Table 1. Characteristics of the i ! used in the phylogenetic analysis.

K80+G
TPM2uf+G
TPM3uf+G
TrN+G

Length (hp) Variable sites Sampled taxa

1165 33 (2.8%) 17

331 29 (8.8%) 17

450 25 (5.6%) 17

460 50 (10.9%) 17

Information Criterion (AIC; Darriba et al. 2012). Weemployed a mixed-model

Bayesian analysis with different models allowed for each partition. The

parameters for each data partition were able to vary freely. Indels were treated

as single, independent, and binary characters. BI was preformed in Mr. Bayes

by running two independent analyses for 5 million generations with trees

sampled every 1,000 generations. Stationarity was calculated by plotting the

log-likelihood scores for each run against generation in the program Tracer

vl.5 (Rambault and Drummond, 2007). All trees prior to this point (the first

500,000) were discarded as the burn-in phase and a 50% majority rule

consensus tree was calculated for the remaining trees.

Chromosome analysis. —Sporophytes collected from wild populations from

Cordoba province, Argentina, were cultivated at the Universidad de Cordoba;

voucher specimens were deposited at CORD. For the analysis of mitotic

chromosomes, croziers were excised into small fragments approximately 2 mm
wide. The fragments were treated in a solution of 2mM8-hydroxiquinoline for 1 h

at room temperature, followed by 8 h at 14°C, then fixed in ethanol-acetic acid (3:1)

and stored at -20°C. For chromosome analysis, the crazier fragments were washed

in distilled water 4 to 5 times, then hydrolyzed in 3 ml of cellulase 2%-pectinase

20%, for 2 h at 37°C. The hydrolyzed cells were stained in alcoholic hydrochloric

acid-carmine and squashed following established protocols (Manton, 1950).

Results

Molecular analysis.— The analysis of South American accessions relevant to

the disposition of the name P. montevidense yielded a highly resolved

phylogeny (Fig. 1). In this phylogeny, our accession from the area of the type

collection near Montevideo, Uruguay, resolves in a clade with Argentine and

Bolivian accessions of P. montevidense (Clade 2; posterior probability

1PP] = 1.0). This trio of accessions is sister to a clade of Andean plants

including P. solomonii and P. alhomarginatum. Together they form a well-

supported clade (PP=0.96) with P. opacum, the Brazilian representative of the

lineage that includes the widespread P. platyphyllum. In contrast, our

accessions of specimens matching plants commonly determined as P.

montevidense from the northern Serra do Mar, Brazil, resolve in a well-

supported clade (Clade 1, PP=1.0) with the tropical Southeast Brazilian

endemic species P. platylepis and P. pallidum (Condack, 2012).

Morphological analysis.— \^e found that the Sello collections of Polypodium

montevidense from near Montevideo, Uruguay (Brazil in Sello’s time), which
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LECTOTYPE (here designated).-Uruguay, n.

•Brasilia, prope Monte Video’’!, Sello d 654 (B

20 0156391, B 20 0156394, B 20 0156395, B

Syst. Veget. ed. 16. 4(1): :
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Selected specimens examined including all those used in the molecular

analysis, which have GenBank accession numbers (marker sequence is rbcL,

rps4 gene, tmLF, tmS-rps4). Herbarium abbreviations throughout follow Index

Herbariorum (Theirs, 2012). GAN= GenBank accession number,

Polystichum albomarginatum M, Kessler & A.R. Smith. ECUADOR.Zamora-
Chinchipe: Bombuscaro, Podocarpus National Park, M. Lehnert 1257 (VT)

(GANs: KC819964; KC819994; KC819949; KC819979).

Polystichum maximum M. Kessler & A.R. Smith. BOLIVIA. Cochabamba:
Prov, Ayopaya, San Cristobal, 16°39'S, 66°43'W, 2550, 1. Jimenez 1292 (LPB)

(GANs: KC819965; KC819995; KC819950; KC819980).

Polystichum montevidense (Spreng.) Rosenst. BOLIVIA. Santa Cruz: Caballe-

ro, M. Sundue 844 (VT, NY). Cochabamba: Prov, Carrasco, 3.3 km NWof

Kayarani, M. Sundue 621 (VT, NY). La Paz: Calle Sorata a Laripata, M.

McHenry 10-95 (VT); Sorata, M. McHenry 10-100 (VT) (GANs: KC819967;

KC819997; KC819952; KC819982). Tarija: Arce, Padcaya, H. Huaylla 1514

(NY). ARGENTINA. Cordoba: Dpto. Punilla, Los Gigantes, R. Morero 342
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(CORD), 344 (CORD) (GANs: KC819968; KC819983; KC819953; KC819998).

Tucuman: Dpto. Chicligasta. Cuesta del Clavillo, R. Morero 352 (CORD).

URUGUAY. Montevideo: without precise locality, F. Sello d 654 (B, P);

Maldonado: Cerro Pan de Aziicar, Gibert 857 (K); Idem, A. Lombardo (BM ex

MVM10907); Idem, A. Lombardo 2568 (MVJB); Idem, A. Lombardo 4732 (MVJB);

Idem, A. Lombardo 5436 (MVJB); Idem, /. Arechavaleta 784 (MVFA); Idem, O.

del Puerto et ah 9702 (MVFA); Idem, E. Marches! 1379 (MVFA); Idem, M. Berro

1261 (MVFA); Idem, /. Condack & F Munoz 687 (R) (GANs: KC819966;

KC819996; KC819951; KC819981); Idem, /. Condack 694 (R). Tacuarembo:

Montes de Tacuarembo, /. Arechavaleta 4187 (MVM). URUGUAY/BRASIL.

Artigas: Cuarein (border of Brazil and Uruguay), M. Berro 5617 (MVFA).

Polystichum nudicaule Rosenst. COLOMBIA. Boyaca: Mun. Chisacd-San

Pedro de Iquaque, M. Sundue 1285 (VT) (GANs: KC819969; KC819999;

KC819954; KC819984).

Polystichum opacum Rosenst. BRASIL. Rio Grande do Sul: Santa Cruz do Sul,

/. Condack S^M. Brito 651 (R, VT) (GANs: KC819970; KC820000; KC819955;

KC819985).

Polystichum pallidum Gardn. BRASIL. Rio de Janeiro: Parque Nacional da Tijuca,

/. Condack 662 (R, VT) (GANs: KC819971; KC820001; KC819956; KC819986).

Polystichum platylepis Fee BRASIL. Bahia: Amargosa, /. Paixao S' M.

Nascimento 1377 (UEFS). Espirito Santo: Castelo, Parque Estadual do

Forno Grande, P. Labiak et al. 4820 (MBML, RB, UPCB). Mato Grosso: Vila

Bela da Santissima Trindade, Serra Ricardo Franco, P. Windisch 1350 (GH,

HB, ICN); Minas Gerais: Bocaina de Minas, Parque Nacional do Itatiaia, Alto

dos Brejos, /. Condack et al. 328 (RB, NY); Parana: Clevelandia, G.

Hatschbach 22695 (MBM, NY, PACA); Rio de Janeiro: Itatiaia, /. Condack

& A. Vasco 636 (R, RBR, VT) (GANs: KC819974; KC820004; KC819959;

KC819989). Rio Grande do Sul: Sao Jose dos Ausentes, /. Condack S' P.

Schwartsburd 588 (R, RBR, VT) (GANs: KG819973; KC820003; KC819958;

KC819988). Santa Catarina: Urubici, Morro da Igreja, /. Condack S' P.

Schwartsburd 579 (R, RBR, VT) (GANs: KC819972; KC820002; KC819957;

KC819987). Sao Paulo: Bananal, Serra da Bocaina, A. Brade 15203 (RB).

Polystichum platyphyllum (Willd.) C. Presl. BRASIL. Goias: Caiaponia, Serra

do Caiapo, H. Irwin et al. 17873 (GH, NY, RB, UB, US).

Polystichum pycnolepis (Kunze ex Klotzsch) T. Moore. COLOMBIA. Boyaca:

Mun. Villa de Leyva, M. Sundue 1275 (VT) (GANs: KC819975; KC820005;

KC819960; KC819990).
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Polystichum rochaleanum Fee. BRASIL. Rio de Janeiro: Itatiaia, Pico das

Agulhas Negras, /. Condack d‘ C. Ramos 516 (RB, VT) (GANs: KC819976;
KC820006; KC819961; KC819991).

Polystichum rufum M. Kessler & A. R. Smith. BOLIVIA. F. Tamaya: PN-ANMI
Madidi, I. Jimenez 1078 (UC) (GANs: KG819977; KG820007; KC819962;
KG819992).

Polystichum solomonii M. Kessler & A. R. Smith. BOLIVIA. Caballero: 1.5 km
down from Empalme, M. Sundue 775 (VT) (GANs: KG819978; KG820008;
KG819963; KG819993).


